concept of the KP. This phenomenon seems to occur in the so-called frictional furunculoid type of HS and may explain the unique distribution at certain localizations on the body of this follicular cutaneous eruption. Removal in an early stage of HS of external stress factors that can lead to the KP should be part of the treatment, especially in obese patients.
mechanical stress [8] . However, to date, the role of such external risk factors in the onset or progression of HS is still poorly documented [8] .
The Koebner phenomenon (KP), or the isomorphic response, is the phenomenon that occurs when lesions develop at sites of traumatized but previously uninvolved skin of patients who have certain cutaneous diseases [9] [10] [11] . Localized environmental factors or mechanical stress such as friction and pressure are described as causes of koebnerization [10] [11] [12] . Originally observed in psoriasis patients the KP has since been described in many disorders, such as vitiligo and lichen planus after skin injury [10] [11] [12] .
A case series of 14 patients with HS and obesity, who additionally developed characteristic HS lesions on the abdomen as a result of mechanical stress, is presented. It is suggested that this reaction should be regarded as a KP.
Methods
For further details, see the supplementary material (for all online suppl. material, see www.karger.com/doi/10.1159/000472252) [13] ( Fig. 1 ) .
Results
Fourteen patients (7 female) were included in the analysis. Patient characteristics are summarized in Table 1 . The mean age of the patients was 37.9 years (range 23-52 years). The mean disease duration was 14.7 years (range 2-33 years). Two patients (No. 2 and 14) had never smoked, while the other 13 patients were heavy smokers (>10 cigarettes a day) and had been smoking for at least 10 years; 3 patients (No. 1, 6, and 12) had stopped smoking 1-3 years prior to examination. Five of the 14 patients reported first-or second-degree relatives with HS symptoms. Disease severity was assessed using the Hurley classification of the worst location affected [2] . All patients were in the chronic stages of HS with single or multiple abscess formation without tunnels [4] and cicatrization (Hurley I, n = 8), and single or multiple widely separated recurrent abscesses with tract formation and scars (Hurley II, n = 6). In women, although there are variations, the waistband is generally located on the upper abdomen, approximately at the level of the umbilicus. In obese men, the waistband is normally supported by the hips and then goes diagonally downwards under the abdominal apron over the pubic region, or rarely (in an old-fashioned way) on the upper abdomen. All 14 patients showed a few to multiple lesions on the abdomen colocalizing with the location of their waistband ( Fig. 2 , 3 ). The lesions on the abdomen consisted of folliculitides, nodules, abscesses, and cysts, and 1 patient (No. 8; Fig. 2 d) also showed a sinus tract/tunnel. The 14 patients had a mean BMI of 35.8 (range 30.1-45.0). All 14 patients reported that their weight had increased since the appearance of the first symptoms of HS in the classical areas. For 7 of the 14 patients, the self-reported weight was known at times of the onset of HS, with a mean weight of 91.3 kg (median: 95 kg; range 65-110 kg), while the mean measured weight of these patients at the time of the visit to the clinic had increased to 118.3 kg (median: 116 kg; range 100-134 kg). All 14 patients chronologically developed the first typical lesions in the typical HS locations (axillae and/or groins) and only later on the abdomen at the height of the waistband. In turn, in the cases who experienced weight loss the abdominal lesions decreased or disappeared first.
The most common associated disorders were of an endocrine/metabolic nature, i.e., all 14 patients were obese, and in addition 12 patients showed 1 or more comorbidities, as summarized in Table 1 .
Seven patients underwent a therapeutic excision of a persistent nodule on the abdomen at the level of the waistband. Routine HE histological preparations revealed fol- Obese male patient (No. 14, BMI 31.2) with nodules, folliculitides, comedones, and scars under the abdominal apron over the pubic region, the most obvious of them present in the frictional area of the waistband/belt (in the photograph, the patient lifts up his own apron). 
Discussion
In this case series of 14 obese patients with classical HS, HS lesions appeared to develop on the previously uninvolved abdomen after traumatization by external factors. These abdominal HS lesions were clinically and histopathologically similar to HS and meet the criteria of koebnerization (see also below). This phenomenon has not previously been described in HS. The Koebner response can be seen in various diseases, such as psoriasis, lichen planus, and vitiligo, following exposure to minor trauma, such as pressure, friction, heat, cold, and X-rays. In 2 case reports on patients with typical HS and obesity, the role of mechanical stress was demonstrated by the development of additional lesions on the upper abdomen and chest, corresponding to the level where the waistband and bra edge were worn, respectively [14, 15] .
Although the link with koebnerization was not suggested by the authors, in retrospect, these 2 cases fit the concept of an isomorphic response. Recently, a case has been described with classical HS (groin, axillae, and under her breasts) in which ectopic HS appeared colocalized with the radiation site of her right breast, which may also be interpreted as an example of koebnerization, although not suggested by the authors [16] .
The factors determining the distribution of the skin lesions are unknown, but mechanical stress has been suggested as a possible etiological factor [8, 17] . The typical case of HS is characterized by a distribution of lesions primarily in the axillae and anogenital regions, but once the disease advances, new lesions develop in areas of friction, including the mammary region, the nape of the neck, the waistband area, and the inner thighs [2, 18] . These sites of involvement are areas of pressure or repeated contact with tight underwear, jeans, belts, bras, and collars as well as sites of repeated friction (inverse regions, i.e., axillae, genitalia, perineal area). In the obese, this process is enhanced by increased skin-skin and skinclothing contact. It suggests that the KP occurs in HS, at least in some HS patients. It has been suggested that the KP is dependent on the disease activity, i.e., that during unstable periods and flares, patients may be more prone to this phenomenon [10] [11] [12] . In HS, obesity is a significant disease activity-stimulating factor. These patients seem therefore more sensitive to the development of new lesions on previously uninvolved abdominal skin under the influence of pressure and/or friction.
In addition, it has been suggested that during such a state of disease activity or Koebner positivity, the KP seems only to occur when a certain critical turning point, individually variable, is reached [10] [11] [12] . Such thresholds may also exist in obese HS patients. It has previously been found that disease severity is significantly reduced following a BMI loss of 15% after bariatric surgery [19] . In another case, it was shown that an obese woman with typical HS improved clinically after weight loss following dietary measures, especially on frictional locations such as the waistband area [14] .
In the present study, all patients developed additional lesions on the abdomen during periods of overweight, when the abdominal skin could be expected to be exposed to mechanical stress. In turn, in cases of weight loss, these lesions diminished or disappeared first. In addition, at least 1 patient (No. 14) recognized that the lesions, arranged in a linear array around his anterior waist, were associated with a certain body weight. He described how the lesions appeared when he reached a weight of 100 kg (BMI 31.2) ( Fig. 3 ) and disappeared at a weight of about 92 kg (BMI 28.7).
In psoriasis, lichen planus, or vitiligo, the classically, well-recognized Koebner lesions can exactly match the traumatized locations, such as a linear scratch across the skin. In this series there were no such clear linear bands. It may be speculated that the follicular origin of HS and the slightly shifting waistband may play a role. The absence of such easily recognized distribution patterns of lesions might be an explanation why this phenomenon has not been previously noted in HS.
From an experimentally induced KP, it has been suggested that there must be epidermal injury to induce the Koebner response, with an accompanying dermal inflammatory reaction [10] [11] [12] . In HS, there is increasing evidence that the primary event is a terminal hair infundibulitis [20] [21] [22] , very recently endorsed by another study and viewpoint [23, 24] . Furthermore, it has been suggested that the infundibulum can be considered as epidermis and not as a hair follicle, because of the observation that the epithelial tissue of the infundibular epidermis is indistinguishable from that of the interfollicular epidermis [23, 25] . An experimental pathology investigation by Plewig [26] about comedones in acne has recently been extrapolated in the context of HS research [27] . It had been found that after stimulating the follicular epithelium experimentally by mechanical stress, the epidermis showed an invagination within, surrounded by epithelial proliferation, clearly showing sprouts similar to that seen in HS [27] .
The pathogenesis of koebnerization is still largely unknown. However, as a result of the external trauma, several proinflammatory cytokines (IL-1, IL-6, TNF-α, and IFN-γ) are released [28] . A complicating factor is that the KP is common in various disorders. It is postulated that mechanical trauma is implicated as a risk factor in HS and can cause microtears in the fragile acroinfundibulum and subsequently starts the whole orchestra of inflammation [27, 29] , probably in analogy to the KP in HS.
It has been found that patients with HS carry a greater systemic inflammatory load than patients with other skin disorders [30, 31] . HS appears to be associated with metabolic syndrome, indicating substantial comorbidities [32] . In the present study, all patients were obese, and therefore it is not surprising that mainly endocrine/metabolism-associated disorders were found. The profile of 4 patients (No. 6, 7, 9, and 13) met some of the criteria for metabolic syndrome. However, information about waist circumference was lacking, so that no definite statement could be made about metabolic syndrome. A relatively high prevalence of hypothyroidism was also found ( Table 1 ).
Recently, 3 subpopulations were identified by latent class analysis [33] . Then, a subclassification was proposed, based on clinical experience, including the "frictional furuncle type" (patients with overweight; typical lesions on atypical locations, exposed to enhanced friction; tunneling is unusual) [34] . The 14 patients presented fit well in this subtype. The additive furuncle seems ill chosen because HS is not a primary staphylococcal infection. A more appropriate name of this subtype would be "frictional furunculoid type." This subpopulation in turn corresponds to the subtype Hurley IC of the refined Hurley staging [35] . Hurley IC is considered as severe and difficult to treat, and is characterized by the presence of staggered lesions. It is argued that suspicion of this type could be strengthened by koebnerization. Moreover, such atypical (koebnerized) locations (e.g., the belt region on the abdomen or the submammary bra region) are devoid of apocrine glands.
The study was limited by reliance on chart data and was strictly an observational study without any identified controls. Another limitation, although of a different order, is the variation in the definition of the KP.
For this last reason, Boyd and Nelder [10] classified the KP into 4 categories, in which psoriasis, lichen planus, and vitiligo occur with type I. In this type, also called true koebnerization, the lesions are clinically and histopathologically inseparable from the original (true) diseases and can be repeatedly evoked experimentally (by a variety of insults) [10] [11] [12] .
The findings in this case series fulfill the clinical and pathohistological criteria of KP. It is argued that the new induced lesions of these series suit the concept of the KP. However, it is no true KP, because to date there are no experimental data available.
In summary, the 14 patients described here showed characteristic, biopsy-proven HS lesions on the abdomen, colocalized with areas exposed to external trauma or mechanical stress factors but not customarily involved in HS. It is suggested that this reaction pattern fits the concept of the KP. This sign or phenomenon may explain the unique distribution at certain localizations on the body of this follicular cutaneous eruption. Removal in an early stage of HS of external stress factors that can lead to the KP should be part of the treatment, especially in obese patients.
Key Message
The Koebner phenomenon can occur in patients with hidradenitis suppurativa.
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